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DESCRIPTION 
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Method for Extrac ting Nucleic Acids 
from a Wide Range of Organ jams 

Background of the Invention 
Technical F ield of the Invent- inn 

The present invention relates to methods for 
extracting nucleic acids of a wide range of organisms from 
cultures, clinical specimens, and other samples, suitable 
for use in nucleic acid hybridization procedures and other 
diagnostic techniques for specifically identifying tested 
organisms. The present invention further relates to diag- 
nostic kits employing permeablization reagents suitable 
for extracting nucleic acids from a wide range of organ- 
isms, such nucleic acids being suitable for subsequent 
hybridization, detection, and quantitative identification 
of the assayed organisms. 

Background A->-t- 

15 The advent of modern techniques of molecular biology 

and genetic engineering has caused a revolution in the 
diagnosis of disease. In recent years the identification 
of pathogenic organisms, especially microorganisms such as 
bacteria and yeast, has become much faster and more accur- 
ate as increasingly advanced methods for detecting, 
quantifying, and distinguishing between species and sub- 
species of microorganisms have been developed. Many, if 
not most, of these diagnostic techniques exploit inherent 
differences between the nucleic acid sequences of differ- 
25 ent species of pathogenic agents, and between pathogenic 
and non-pathogenic microorganisms. The speed, selectivity 
and sensitivity of these nucleic acid-based diagnostic 
methods has resulted in faster and more accurate patient 
treatment, and hence a more healthy public. 

Diagnostic kits relying primarily on nucleic acid 
hybridization have been developed for the diagnosis of a 



20 
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number of diseases in which microscopic organisms are 
implicated, either as a causative agent or as an indicator 
of the disease. While not intended to be an exhaustive 
listing, kits are thus available or contemplated for the 
5 detection and/or the identification of the microorganisms 
responsible for tuberculosis ( Mycobacterium tuberculosis ) , 
common sexually transmitted diseases ( Chlamydia trach- 
omatis . Neisseria gonorrhoeae ) , respiratory illnesses 
( Mycoplasma pneumoniae ) , pharyngitis and rheumatic fever 

10 (Group A Streptococcus ( S. pyogenes ) ) , epiglottitis 
( Haemophilus influenzae ) as well as viruses such as the 
causative agent of ARC and AIDS (HIV) . All such methods 
require the target nucleic acids to be readily available 
for hybridization. 

15 Most methods for extracting microbial nucleic acids 

involve bursting the microorganism's cell wall (lysis) and 
extracting the contents of the cell into a buffered solu- 
tion. Lipids, carbohydrates, and proteins can then be 
removed from solution by performing a phenol extraction, 

20 and the nucleic acids further purified by precipitation 
with cold ethanol. The precise methods for bursting, or 
lysing, the microorganism commonly depend on the nature of 
the organism itself; until recently, however, studies were 
largely limited to a single Gram-negative bacterial 

25 species: Escherichia coli. ( See Stent, Gunther S. & 
Calendar, Richard, Molecular Genetics 51 (2d ed. 1978)). 

Extraction of nucleic acids from Gram-negative 
bacteria such as E. coli has traditionally involved: (a) 
the use of shear or mechanical forces as in ultrasonica- 

30 tion, grinding with abrasives, shaking with glass beads, 
and the French pressure cell; (b) weakening the cell wall, 
either by one or more rounds of freezing and thawing or by 
treatment with a lysing enzyme such as lysozyme, followed 
by dissolution of the cell membrane by treatment with a 

35 strong detergent or a chaotropic reagent (i.e. a reagent 
that disrupts hydrophobic interactions) . In both such 
methods, the contents of the lysate include organelles, 
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proteins (including enzymes such as proteases and 
nucleases) , carbohydrates, and lipids as well as nucleic 
acids, which may necessitate further purification of the 
nucleic acids. 

5 A method involving detergent-aided enzymatic lysis of 

E. coli cells, ( Lvsis of Escherichia coli with a Neutral 
Detergent . Godson, G.N. & Sinsheimer, R.I., 149 Biochem. 
Biophys. Acta 476 (1967)) has been described. Schein, 
(EPO publication No. 0061250) , describes a method for 

10 recovering recombinant proteins from host organisms using 
lysozyme, chaotropic agents, and/or detergents; the host 
bacteria were E. coli strains . 

Lysis of Gram-positive microorganisms is considerably 
more difficult than for Gram-negative bacteria, due to a 

15 thicker and denser layer of peptidoglycan, a major bac- 
terial cell wall component. Lysis of some Gram-positive 
microorganisms using lytic enzymes has been reported. 
( See e.g. . Lvsis of Grouped and Ungrouped Streptococci bv 
Lvsozvme . Coleman, S.E. et al. , 2 Infect, and Immun. 

20 563-569 (1970); Method for the Lvsis of Gram-Positive , 
Asporogenous Bacteria with Lvsozvme . Chassy, Bruce M. and 
Giuffrida, Alfred, 39 Applied and Env. Micro. 153-158 
. (1980) ; Lvsis of Streptococcus mutans cells with 
Mutanolvsin, a Lytic Enzyme prepared from a Culture Liouor 

25 of Streotomvces gloisporus 1829. Hamada, S. et al. . 23 
Archs. Oral Biol. 543-549 (1978); Lvsis and Protoplast 
Formation of Group B Streptococci bv Mutanolvsin , 
Calandra, G.B. and Cole, R.M., 28 Infect, and Immun. 
1033-1037 (1980) ) . 

3 0 Non-enzymatic compositions have been described where 

clinical samples containing Gram-negative pathogenic bac- 
teria were treated with a solution containing a chaotrope, 
(guanidium thiocyanate (GuSCN) ) ,- an anionic detergent, 
(sodium dodecyl sulphate (SDS) or N-lauorylsarcosine (sar- 

35 cosyl) ) ; a divalent metal chelating agent, (ethylenedia- 
minetetracetic acid (EDTA) ) ; and a reducing agent, (/?- 
mercaptoethanol) . (Schwartz et al . . U.S. Patent No. 
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5,212,059). Such compositions are described as lysis/ 
hybridization solutions wherein the entire sample is used 
in a single assay. 

The cell wall of yeast species, which can contain p- 
5 glucans and chitin as major components, differs in compo- 
sition from that of bacteria; thus, enzymatic methods for 
the extraction of nucleic acids from yeast often involve 
a set of entirely different enzymes, such as zymolyase, 
with different specificities than those used to lyse 
10 bacteria. ; 

Sheiness and Levine, (PCT application WO 92/07096) 
describe a diagnostic kit for the detection of vaginal 
pathogens. The tested organisms were species of Candida , 
a yeast; Gardnerella vaginalis, a Gram-negative bacterium 
15 and Trichomonas vaginalis , a eukaryotic protozoan without 
a cell wall. The solution they used was reportedly 
capable of liberating nucleic acids from each of these 
organisms as detected by nucleic acid hybridization. 

Holmes, U.S. Patent No. 4,830,969, describes a 
20 process for the isolation of nucleic acids by boiling - 
cultured cells in a "lysing agent". 

Wase, (EPO Publication No. 0149514), discloses a 
method of manufacturing a flocculating agent from a lysed 
bacterial cell culture. One of the various described 
25 methods of initiating cell lysis is by the use of heat. 

The use of heat alone has been shown to be effective 
to produce intact DNA suitable for further biochemical 
manipulation from certain bacteria, the genus Mycobacte- 
ria, considered by many workers to be difficult to lyse. 
30 (Robson, EPO Publication No. 0547789A1) . 

All of the aforementioned methods lack the benefit of 
a single reagent capable of causing the release of nucleic 
acids, (e.g. ribosomal RNA and/or DNA encoding ribosomal 
RNA sequences) , from a wide range of microorganisms in 
35 biological samples in a form suitable for nucleic acid 
hybridization without the need for subsequent phenol 
extraction and ethanol precipitation procedures. 
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Summary of the Invention 

The present invention concerns • the use of a 
permeabilization reagent capable of liberating nucleic 
acids, (e.g., RNA and DNA, preferably ribosomal RNA and/or 
5 DNA encoding ribosomal RNA sequences) from a wide variety 
of organisms including Gram-positive and Gram-negative 
bacteria and yeast. The reagent need not contain lytic 
enzymes, and can be used at high temperatures; preferably 
between about 80° and 100°C, more preferably between about 
10 80° and 95°C; most preferably about 95°C. The present 
invention is also directed to methods and kits involving 
the permeabilization reagent for the extraction of nucleic 
acids, preferably ribosomal RNA and/or DNA encoding 
ribosomal RNA sequences, from a wide range of organisms 
15 including Gram-positive and Gram-negative bacteria and 
yeast. The liberated nucleic acids may then be used for 
various purposes, including but not limited to nucleic 
acid amplification methods such as the polymerase chain 
reaction (PCR) , or hybridization with a probe oligonucleo- 
20 tide having a nucleotide sequence complementary to a 
specific nucleotide sequence of the liberated nucleic 
acids. Hence, the compositions, methods, and kits herein 
described are designed to allow rapid, simple preparation 
of nucleic acids from the organisms contained in the 
25 sample. 

The advantages of a single nucleic acid extraction 
method for use with a wide range of microorganisms include 
a) reducing the time and expense involved in training 
laboratory technicians to perform diagnostic tests; b) 

30 lowering the costs of manufacturing, since a single 
permeabilization reagent can now be used in multiple 
products, and c) reducing the cost and time associated 
with the quality control of enzyme-based extraction 
reagents. Thus a first object of the present invention is 

3 5 to provide a single reagent able to induce the release of 
detectable amounts of nucleic acids from a wide variety of 
microorganisms . 
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Many diagnostic kits still depend on the use of 
enzymes to liberate nucleic acids from cells. If the 
yield of the target nucleic acids available for hybridiza- 
tion is not good, whether through inefficient enzymatic 
5 lysis, because a particular sample does not contain many 
assayable cells, because the target microorganism or 
nucleic acid is present in only a subpopulation of the 
cells, or otherwise, the sensitivity of the diagnostic 
system can decrease. Thus, a second object of the present 

10 invention is to provide a nucleic acid extraction method 
that gives a yield of the target nucleic acid which is as 
good or better than other comparable methods. 

A third object of the present invention is a nucleic 
acid extraction method that can be inexpensively produced 

15 for inclusion in a commercial diagnostic assay kit. The 
permeabilization reagent used in conjunction with the 
method of the present invention makes use of relatively 
inexpensive laboratory chemicals and need not include 
expensive lytic enzymes, 

20 It is a fourth object of the present invention to 

provide a gentle, simple method for causing cells to 
liberate nucleic acids into solution. Because the method 
of the present invention leaves the cell wall of many 
target microorganisms substantially intact following the 

25 extraction step, the liberated nucleic acids are not 
commingled with other unwanted cellular components. Most 
unwanted cellular matter remains within the cell; the 
nucleic acids in the supernatant may be separated from the 
cells by centrifugation and separately assayed, although 

3 0 this is not essential to the practice of the present 
method. The present invention is also quick and simple, 
enabling both skilled and unskilled laboratory workers to 
extract nucleic acids, particularly ribosomal RNA and/or 
DNA encoding ribosomal RNA sequences, in a single step. 

35 Moreover, the present extraction method is mild to the 
nucleic acids, producing nucleic acids which are suitable 
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for subsequent use, as in hybridization assays, without 
the need for additional purification. 

Because it is preferable to minimize the exposure of 
the laboratory technician to potentially harmful microor- 
5 ganisms in the first step of the diagnostic assay, it is 
a fifth object of the present invention to provide a 
relatively safe method of extracting nucleic acids from 
clinical samples. This is done in two ways: by minimizing 
the time necessary to liberate the majority of the target 
10 nucleic acid from the target cells, and by conducting the 
permeabilization step at temperatures high enough to 
quickly kill the majority of the pathogens (i.e. tempera- 
tures between about 80° and 100 °C) . 

The present invention is applicable to organisms 
15 other than Gram-positive and Gram-negative bacteria and 
yeast; for example mycoplasma, protozoa, and enveloped 
viruses as well as other cells, such as cultured eukary- 
otic cells, having a less substantial cell wall than 
bacteria or yeasts, or no cell wall at all may be perme- 
20 abilized by the method of the present invention. While 
still gentle, in such cases the present method may cause 
more damage to the cell wall or membrane than occurs with 
bacteria or yeasts. 

Definitions 

25 The following terms have the following meanings for 

the purposes of this application, unless expressly stated 
to the contrary herein. 

By "enzymatic lysis" is meant the breaking open of a 
cell or a group of cells, or the liberation of some or all 

30 of the intracellular components following treatment of the 
cell or cells with an enzyme which completely or partially 
digests the organism's cell wall. 

By "detergent" is meant a molecule or class of mole- 
cules which have a hydrophobic region or moiety capable of 

3 5 interacting with hydrophobic solvents and the hydrophobic 
portions of cellular membranes, and a hydrophilic region 
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or moiety which may have a positive or a negative charge 
in solution, or alternately may have a polar region with 
no charge at all. 

By "non- ionic detergent" is meant a detergent 
5 containing at least one polar, uncharged group or ion in 
its hydrophilic region or moiety. 

By "ionic detergent" is meant a detergent containing 
at least one positive or negatively charged group or ion 
in hydrophilic region or moiety. 
10 By "metal chelating agent" or "chelating agent" is 

meant a molecule or class of molecules which are capable 
of binding, complexing, or coordinating with metal ions, 
thereby reducing the effective concentration of the metal 
ions in solution. 
15 Reference to the "release of nucleic acids" is 

intended to mean the liberation of nucleic acids in 
sufficient quantities such that the method of release is 
useful for nucleic acid hybridization assays. 

By "nucleic acid" or "nucleic acids" is meant 
20 polydeoxyribonucleotides or polyribonucleotides of at 
least two, and preferably 10 or more nucleotides in 
length. The term "nucleic acid" includes polynucleotides, 
oligonucleotides, and DNA or RNA molecules. The term 
"nucleic acid" can refer to either single- stranded or 
25 double -stranded polynucleotides, or both. 

By "target nucleic acid" is meant a nucleic acid 
comprising a target nucleic acid sequence sought to be 
detected. Preferably such sequences are characteristic of 
a particular organism. 
30 By "target nucleic acid sequence" or "target 

sequence" is meant a specific nucleic acid sequence, or 
the nucleic acid sequence complementary thereto. 

By "target organism" is meant any species of prokary- 
otic or eukaryotic organism, or any virus, sought to be 
35 identified using the methods herein described. While not 
exclusively, generally such organisms will be contained in 
a biological sample, such as in scrapings, or swabs. 
SUBSTITUTE SHEET (RULE 26) 
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Preferably the organism will be a pathogenic 
microorganism. 

By "biological sample" is meant any specimen or 
sample containing substances of animal, vegetal, bac- 
5 terial, viral, or protist origin. Such samples include, 
but are not limited to, food or agricultural samples; 
environmental samples; samples containing body fluids, 
secretions or excretions such as urine, blood, milk, 
cerebrospinal fluid, sputum, saliva, stool, lung aspir- 
10 ates, tears, lymphatic fluid, or semen; throat or genital 
swabs; and bacterial, viral, plant or animal cell 
cultures, suspensions or lysates. A biological sample may 
or may not contain ribonucleases . 

By "clinical sample" is meant a biological sample 
15 obtained from a human or animal for testing or examination 
for the purposes of diagnosing or managing disease. 

By "complementary" is meant having a nucleic acid 
sequence whereby stable hydrogen bonds are formed between 
the nucleotide bases of a region of one nucleic acid 
20 strand and those of a region of another nucleic acid 
strand under conditions suitable for nucleic acid hybrid- 
ization. That is, hydrogen bonds are most commonly formed 
between an adenosine (A) residue on one strand and a 
thymine (T) or uracil (U) residue on another strand, and 
25 between a guanine (G) residue on one strand and a cyto- 
sine(C) residue on another strand. Such regions of com- 
plementarity generally involve between about 15 and 100 or 
more contiguous nucleotides of each nucleic acid strand. 
By "sufficiently complementary" is meant capable of 
30 forming a double -stranded hydrogen -bonded region under 
conditions suitable for nucleic acid hybridization. While 
two nucleic acid strands are sufficiently complementary if 
they have 100% complementarity over specific contiguous 
and corresponding regions, two single stranded nucleic 
35 acids having regions of less than 100% complementarity can 
form a double -stranded region under hybridization condi- 
tions. Such regions, not 100% complementary but able to 
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form stable double stranded regions under hybridization 
conditions, are hereby considered sufficiently complemen- 
tary. 

By "lysis" is meant cellular dissociation involving 
5 physical disruption and breakage of the cell wall and/or 
membrane, causing intracellular components including 
nucleic acids to be released into the surrounding medium. 

By "permeabilization" or "permeabilize" is meant 
dissociation of the cell wall and/or membrane resulting in 

10 the release of detectable amounts of nucleic acids from 
the cell into the surrounding medium. 

By "permeabilization reagent" is meant a chemical or 
physical agent, or both, which is capable of causing the 
permeabilization of a cell or group of cells. 

15 By "selection reagent" is meant a reagent used in a 

procedure capable of chemically or physically differenti- 
ating between hybridized double -stranded nucleic acid 
regions comprising a nucleic acid probe and unhybridized, 
single-stranded nucleic acids and/or nucleic acid probes. 

20 By "detection reagent" is meant a reagent used in a 

procedure capable of detecting nucleic acids having a 
double -stranded nucleic acid region in which one strand is 
a nucleic acid probe. 

By "probe reagent" is meant a reagent containing a 

25 nucleic acid probe having a nucleotide sequence suffi- 
ciently complementary to the nucleotide sequence of a 
target nucleic acid, such probe usually having a reporter 
group or moiety capable of detection in a hybridization 
assay. 

30 One aspect of the present invention relates to 

non-enzymatic methods for inducing a wide variety of 
microorganisms to release nucleic acids, preferably 
ribosomal RNA and/or DNA encoding ribosomal RNA sequences, 
into solution. In one example, a sample containing cells 

35 to be identified is mixed with an extraction solution 
containing a non-ionic detergent and a metal chelating 
agent . The suspension is heated to a temperature from 
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about 85°-95°C for about 5 to 15 minutes. Upon heating, 
the nucleic acids are released into solution without 
observable destruction to the cell wall of the sample 
cells when observed under the microscope. The nucleic 
5 acids so liberated are suitable for hybridization, 
amplification, or other genetic manipulations without 
further purification. 

The present invention provides a rapid, inexpensive 
and mild method for extracting nucleic acids from microor- 
10 ganisms. By eliminating the use of enzymes to perform the 
extraction step, the cost, variability, and difficulty 
associated with enzyme-mediated extraction of nucleic 
acids is significantly reduced. 

Furthermore, the present invention eliminates the 
15 necessity for chaotropic agents as part of a lysis or 
permeabilization reagent. Chaotropic agents are generally 
used at very high concentrations, and are expensive. Due 
to these high concentrations, chaotropes can precipitate 
from the extraction solution during shipment or storage of 
20 the diagnostic kit. Chaotropes used to extract nucleic 
acids can change the conditions necessary for subsequent 
hybridization of the probe and target nucleic acid, and 
may be completely incompatible with the use of the 
extracted nucleic acids in enzyme -mediated reactions such 
25 as PCR or other target amplification methods. In the 
latter case it may be necessary to separate the chaotrope 
from the extracted nucleic acid, which would add a removal 
step to the entire protocol and increase the chance for an 
erroneous result. Moreover, chaotropes such as GuSCN are 
30 difficult to pipette because of their high viscosity. 
Thus, the absence of chaotropes in a method for extracting 
nucleic acids in a clinical sample is economically and 
logistically useful. 

In a second aspect, the microorganisms to be assayed 
35 may be obtained from a clinical sample or other biological 
material that may contain nucleases, for example ribonucl- 
eases. Preferably, the present invention relates to 
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methods for preparing clinical throat and genital swab 
specimens for the identification of microorganisms by 
probe hybridization to nucleic acids released from the 
assayed microorganisms. In this case, the entire swab may 
5 be contacted with, or immersed in the permeabilization 
solution containing a non- ionic detergent and a metal 
chelating agent. If the desired target nucleic acid is 
RNA, the permeabilization reagent is accompanied by the 
further addition of an anionic detergent, such as lithium 
10 lauryl sulphate, or sodium dodecyl sulphate. The anionic 
detergent may inactivate nucleases present in the clinical 
specimen which degrade the target nucleic acid. The swab 
in the permeabilization solution may then be heated to 
about 80°-95°C. for about 5-30 minutes, resulting in the 
15 release of nucleic acids from the microorganism. 

The speed and temperature of the nucleic acid extrac- 
tion step serves to reduce the exposure of laboratory 
technicians to infectious organisms. At the described 
temperature of 80°-95°C, the majority of the organisms in 
20 the sample, potentially including such pathogenic organ- 
isms as HIV and the causative agents of hepatitis and 
tuberculosis, will be killed. Since the extraction method 
is rapid and can be carried out without repeated transfer 
of cell suspensions from tube to tube, potential exposure 
25 is additionally reduced. 

Another aspect of the present invention is a kit 
including reagents for conducting the described extraction 
method, and for subsequently identifying whether particu- 
lar microorganisms are present in a sample. The kit 
30 contains a permeabilization reagent, a probe reagent, a 
selection reagent, and a detection reagent. The kit may 
include a supply of a permeabilization solution containing 
an ionic detergent, a non- ionic detergent and a metal 
chelating agent, and a supply of reagents necessary to 
35 detect and identify the target nucleic acid. Preferably, 
the identification and detection reagents include a probe 
reagent containing at least one species of nucleic acid 
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probe sufficiently complementary to one or more nucleic 
acid sequences specific to the ribosomal RNA of the target 
microorganism. ( See e.g. . Hogan et al . , U.S. Patent No. 
5,216,143 and Milliman and Hammond, U.S. Patent No. 
5 5,232,831, each of which is incorporated by reference 
herein.) Probe reagents containing derivitized nucleic 
acid probes (such as those containing phosphorothioate 
and/or methylphosphonate linkages) capable of recognizing 
and binding to specific nucleic acid sequences are known 

10 to those skilled in the art, and are contemplated to be 
capable of use in kits with the present extraction method. 

Other features, uses and advantages of the invention 
will be apparent to one skilled in the art from the 
following description of the preferred embodiments, the 

15 figures and the claims. 

Brief Description of the Figures 

Figure 1 is a graphical representation of an 
experiment quantifying the release of target nucleic acid 
(ribosomal RNA) from a Gram-positive microorganism, 
20 Streptococcus pyogenes, incubated for varying amounts of 
time at 95°C. 

Figure 2 is a graphical representation of an 
experiment showing the sensitivity of the hybridization 
detection system (HPA; described below) to known quant i- 
25 ties of added Streptococcus pyogenes ribosomal. RNA. 

Figure 3 is a graphical representation demonstrating 
the results of a hybridization assay performed on dilu- 
tions of Streptococcus p yogenes cells in which the target 
ribosomal RNA was released according to the methods 
30 described herein. 

Detailed Description of the Invention 

The claimed methods and kit feature the use of a 
• permeabilization reagent for inducing the release of 
nucleic acids from a wide variety of microorganisms, and 
35 for the subsequent detection and identification of nucleic 
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acid sequences specific to a target microorganism, class 
of target microorganisms, or to multiple different target 
microorganisms, as well as a combination of apparatus, 
media and agents for accomplishing such methods. The 
5 various steps, media and agents are discussed generally 
above; descriptions of the preferred embodiments are now 
provided. These descriptions are provided for the purpose 
of illustration only, and are not intended to limit the 
present invention in any way, the invention being defined 
10 solely by the claims which conclude this specification. 

Extraction of Nucleic Acids- from the Desired Cells 

The target microorganisms from which the nucleic 
acids are to be extracted may be obtained from a variety 
of sources. It is not essential that the cells to be 

15 assayed are contained in medical samples; those of ordi- 
nary skill in the art will recognize that a sample of any 
origin is applicable to the present invention provided it 
contains the target microorganism (and thus the target 
nucleic acid) in quantities sufficient to be detected by 

20 the particular means for detection used in a given system. 
If an amplification procedure such as the polymerase chain 
. reaction (PCR) , or a transcription-based method is to be 
used prior to the detection step, the original sample may 
correspondingly contain relatively few target microorgan- 

25 isms or target nucleic acids. See e.g. , American Society 
for Microbiology, Diagnostic Molecular Microbiology: 
Principles and Applications 56-70 (1993), which is hereby 
incorporated by reference . 

For biological or physiological samples, the methods 

30 of the present invention may be employed using all types 
of physiological specimens including but not limited to 
cells or microorganisms grown in culture, blood, tissue, 
saliva, sputum, feces, spinal or synovial fluids, serum, 
urine, or other fluids. Such physiological specimens may 

35 be obtained from human, animal, or plant sources. 
Environmental or food samples may also be used according 
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to the present methods to release nucleic acids from 
microorganisms present in these samples. Preferably, the 
present invention is used to release nucleic acids from 
microorganisms contained in a clinical oral or genital 
5 swab. 

After obtaining a cell sample, the cell sample is 
contacted with or placed into. a permeabilization reagent 
and heated to about 80°-95°C until nucleic acids are 
released from the cells. The permeabilization reagent as 
10 used herein can consist, for example, of a saline solu- 
tion, an EDTA solution or a non- ionic detergent solution. 
Nucleic acids (e.g. RNA and DNA, preferably ribosomal RNA 
and DNA encoding ribosomal RNA sequences) can be extracted 
from samples containing target microorganisms using the 
15 present method with any of these permeabilization 
reagents. Thus, a variety of permeabilization reagents 
can be employed to extract nucleic acids from cells using 
the methods described herein. 

Preferably, the permeabilization reagent comprises 
20 the combination of a non-ionic detergent and a metal 
chelating agent. Applicants have found that the combina- 
tion of these two reagents optimize the amount of unde- 
graded nucleic acid that is extracted from the cell 
sample. A non- ionic detergent is a detergent that is 
25 uncharged when dissolved in solution. Applicants have 
successfully practiced the present nucleic acid extraction 
methods using non- ionic detergents such as polyoxyethylene 
ethers (sold under the trade names Triton X-100 and Triton 
X-102 by Sigma Co., St. Louis, Mo.) and octylphenol- 
3 0 ethylene oxide condensates (sold under the trade name 
Nonidet P-40 by Sigma Co., St. Louis, Mo.). Thus, those 
skilled in the art will recognize that a variety of 
non-ionic detergents may be used to practice the present 
invention. 

35 The metal chelating agent added to the permeabiliza- 

tion reagent chelates, or binds, free metal ions such as 
magnesium, manganese and zinc. While not wishing to be 
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bound by theory, it is believed that chelation of the free 
metal ions inhibits enzymes, such as nucleases, that may 
degrade the desired nucleic acid. Metal chelating agents 
may also dissociate some molecular components of the 
5 microbial cell wall. A variety of metal chelating agents 
are available to serve this purpose. Applicants use EDTA 
for its low cost and convenience. 

Preferably, the permeabilization reagent contains 
between about 0.01 to about 1% of the non- ionic detergent 
10 and between to about 1 mM to about 100 mM EDTA; more 
preferably 0.07% Triton X-100 and 10 mM EDTA. A 0.07% 
concentration of Triton X-100 was found to be sufficient 
to release essentially all of the target ribosomal RNA 
from Streptococcus pyogenes . Moreover, EDTA concent ra- 
15 tions greater than 10 mM do not appear to provide any 
additional benefit. 

Although not essential to the practice of the present 
invention, the permeabilization reagent may contain a weak 
buffer, preferably the free acid of HEPES (4 - (2-Hydroxy- 
20 ethyl) -1-piperazineethane-sulf onic acid), to stabilize the 
pH of the permeabilization reagent. If the permeabiliza- 
tion reagent is to be prepared and stored for later use, 
a preservative may also be added to the permeabilization 
reagent to prevent the growth of undesired microorganisms 
25 during the storage period. Preferably, 5.7 mM sodium 
azide is added. If the desired target nucleic acid is 
RNA, the pH of the solution should be adjusted to be not 
greater than 8.0. Preferably, the pH of the permeabiliza- 
tion reagent is adjusted to pH 7.5 by the addition of 
30 base, i.e., lithium hydroxide. Buffers which are appro- 
priate for use at a pH below 8.0 other than those 
disclosed herein are known to those of ordinary skill in 
the art . 

If the cell sample is obtained from a clinical 
35 specimen or other source which may cause the sample to 
contain nucleases, an anionic detergent should also be 
added to the permeabilization reagent, particularly if the 
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target nucleic acid is RNA. An anionic detergent is a 
detergent that is negatively charged when dissolved in 
solution at pH 7.0. Preferably, the permeabilization 
solution contains 1% (w/v) lithium lauryl sulfate (LLS) in 
5 these circumstances. while not wishing to be bound by 
theory, it is believed that the anionic detergent serves 
to disrupt or denature any nucleases, especially ribo- 
nucleases, found in the clinical specimen or other 
material thereby preventing the degradation of nucleic 
10 acids in the sample. The anionic detergent is not 
necessary to effect the release of nucleic acids from the 
cell sample. Lithium lauryl sulphate between about 0.01% 
and about 2% are preferred; most preferably, the concen- 
tration of LLS is between 0.2% and 1%. At lithium lauryl 
15 sulfate concentrations greater than 2%, the yield of 
target nucleic acids is diminished. 

Once the cell sample and permeabilization reagent 
have been mixed, the mixture should be heated in the range 
80°-100°C for 1-30 minutes. Applicants have found that 
a variety of temperatures above 80°C. are effective. At 
temperatures below 80°C. the extraction of nucleic acids 
from the target cells (i.e., Strentocnrrng D vo aen p a ) does 
not appear to reach completion. Similarly, the period of 
time the mixture is held at the elevated temperature is 
relatively short; the extraction of ribosomal RNA from a 
300 /U sample containing approximately a million cells of 
S. pyogenes , a Gram-positive bacterium generally consid- 
ered difficult to lyse, results in a good yield of nucleic 
acids within 5 minutes at 95 °C. Thus, in a preferred 
30 embodiment the cell sample/permeabilization reagent 
mixture is heated for about 5 minutes at about 95 °c. 

Example 1 

Comparison of the Present. M^fhod wit-h T ^ ymatic T , y HiB of 
S . pyogenes 

35 Figure 1 shows a comparison of the rates of hybridiza- 

tion of Streptococcus pyogenes cell preparations which had 
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been subjected to various permeabilization protocols. In 
this experiment the following methodology was employed; 
however many variations of the hybridization protocol and 
detection steps will occur to one of ordinary skill in the 
5 art after reading this disclosure, and the specific 
hybridization and detection methods disclosed herein are 
for purposes of illustration only. 

Eighteen hundred microliters of the permeabilization 
reagent (7.4 mM HE PES pH 7.5, 0.07% (v/v) Triton X-100, 10 

10 mM disodium EDTA and 5.7 mM sodium azide) was pipetted 
into a tube. Streptococcus pyogenes cells grown on blood 
agar for 18 hours were washed once in a saline solution, 
then suspended to 3.0 x 108 cells per ml. in permeabiliza- 
tion reagent. Two hundred microliters of this cell 

15 suspension were diluted into the tube containing the 1800 
jil of permeabilization reagent, and the suspension was 
heated at 95 °C; aliquots of 300 /il were taken from the 
tube at 5, 10, 15 and 30 minutes and put on ice. 

The tubes used for hybridization in this experiment 

20 contained a labeled oligonucleotide probe specific to 
Streptococcus pyogenes in a lyophilized probe reagent ; 
these tubes and all subsequent reagents were taken from an 
AccuProbe Group A Streptococcus culture identification 
test kit (Gen-Probe, Inc., San Diego, Ca.) unless 

25 expressly indicated otherwise. ( See AccuProbe package 
insert . , Milliman et al . , U.S. No. 5,232,831; and Arnold et 
al . , U.S. No. 4,950,613 which are hereby incorporated by 
reference herein) . Because the lyophilized reagent 
contained lytic enzymes, 50 /xl of a solution containing 2% 

30 LLS (AccuProbe Reagent 2) was mixed into each tube to 
denature the lyophilized enzyme; a control tube was given 
50 pi of the cell suspension in permeabilization buffer, 
incubated for 5 minutes at 37°C to allow enzymatic lysis 
to occur, then brought up to 100 /xl with AccuProbe Reagent 

35 2. Tubes were prepared in quadruplicate for each time 
point. The rest of the tubes were then given 50 /xl of the 
heat-treated cell suspensions (another control suspension 
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was given the same reagents as the experimental tubes, but 
was left at room temperature during the heat- treatment 
step; this was called the "detergent only" control) . 

Hybridization was promoted by incubating the tubes at 
5 6.0°C. Two tubes from each time point were incubated for 
5 minutes, the remaining pair of tubes for each time point 
were incubated for 30 minutes. The amount of hybridiza- 
tion, and therefore the amount of detectable target 
nucleic acids released from the cells was determined by 
10 HPA. (See Arnold et al . , supra .) Three hundred micro- 
liters of Reagent 3 (Selection Reagent) was added to each 
tube, and the tubes mixed and incubated further at 60° C 
for 5 minutes. The chemiluminescence of the hybridized 
probe was measured in a Leader I luminometer (Gen-Probe, 
15 Inc., San Diego, CA) . The chemiluminescence of the assay 
samples was expressed in relative light units (RLU) and is 
directly proportional to the amount of probe that has 
hybridized to the selected ribonucleic acid. 

As can be seen from the graph in Figure 1, the extrac- 
20 tion of the target nucleic acids from the S. pyogenes cell 
samples treated with permeabilization buffer was essen- 
tially complete at 5 minutes, since the cell sample mix- 
tures that were heated for 5 minutes had. a signal equal to 
the cell sample mixtures that were heated for 30 minutes. 
25 To the Applicants' surprise, the extent of hybridization 
to target nucleic acids released from the cells incubated 
with the permeabilization reagent, even for. times as short 
as 5 minutes, was twice that seen with target nucleic acid 
released from the enzyme-treated cells. This result was 
3 0 completely unexpected and clearly adds to the utility of 
the present method by demonstrating greater assay sensi- 
tivity at a lower cost than with enzymatic lysis steps. 

Example 2 

Estimate of Amount of RNA Liberated 
35 Applicants believe that by using the preferred method 

delineated above, nearly all of the cellular ribosomal RNA 
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may be released from the cells during the extraction 
process. In order to estimate the percentage of total 
cellular ribosomal RNA released by cells permeabilized by 
the present methods, Applicants performed the Hybridiza- 
5 tion Protection Assay (HPA) described below on (a) dilu- 
tions of a solution of S. pyogenes ribosomal RNA of known 
concentration and (b) dilutions from a known concentration 
of S , pyogenes cells where nucleic acids were extracted 
according to the methods of the present invention, and 

10 subjected to hybridization as in Example 1. Figure 2 is 
a graphical representation demonstrating the results of 
performing the HPA on dilutions of known amounts of ribo- 
somal RNA. As can be seen, the chemiluminescence of the 
hybridization products increases proportionally to the 

15 amount of ribosomal RNA in the sample. Similarly, Figure 
3 is a graphical representation of the results of perform- 
ing the HPA on S. pyogenes cells in which the nucleic acid 
was extracted as in Figure 1. The chemiluminescence of 
each sample increases proportionally to the number of 

20 cells in the sample. 

An approximation of the amount of ribosomal RNA 
liberated from each cell can be calculated by comparing 
the results from Figures 1 and 2. Referring to Figure 2, 
0.25 ng of added S . pyogenes ribosomal RNA corresponds to 

25 about 15,000 RLU's. Referring to Figure 3, 15,000 RLU's 
correspond to about 7300 cells. Dividing 0.25 by 7300 
yields the amount of ribosomal RNA detected per cell: 
0.000034 ng. This figure is within experimental error of 
another approximation: that the total amount of ribosomal 

30 RNA contained within a bacterial cell is about 0.00002 ng. 
( See Handbook of Biochemistry and Biophysics (CRC Press 
1992)). Thus, it is reasonable to conclude that a large 
percentage, if not all, of the S. pyogenes ribosomal RNA 
is extracted using the permeabilization method of the 

3 5 present invent ion . 
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Example 3 

Effectiveness of th e Method to Liberate Both DNA and RNA 
In order to demonstrate that the present method will 
cause cells to release both DNA and RNA, the following 
5 experiment was performed. Cultures of S . pyogenes . 

Escherichia coli, Candida albicans . and Streptococcus 

aaalactiae were grown for 18 hours on blood agar. Three 
10 microliter loopfuls of each organism were suspended in 
10 ml of sterile saline solution, then centrifuged for 7 
10 minutes at 2000 x g. The supernatant was decanted off, 
and twelve 1 /il loopfuls of each organism was added to 12 
ml of the permeabilization reagent described in Example 1. 
In addition, a 10 -fold dilution of each tube was made in 
the same reagent. Three hundred microliters of each 
15 suspension was given to each of three separate tubes. The 
first and second tubes of each set was heated for 10 
minutes at 95°C before further treatment. The third tube 
of each set was left at room temperature for 10 minutes. 
The cells were centrifuged for 5 minutes at 10,000 x 
20 g, and the supernatants were transferred to clean tubes. 
For each set, the first tube was given 15 jxl of sterile 
saline solution, then incubated for 3 hours at 37°C. The 
second and third tube of each set were given 25 /zl of 4 N 
NaOH to hydrolyze the RNA, mixed, and incubated for 3 
25 hours at 37°C. 

At the end of 3 hours, the second and third tubes 
were given 70.5 /xl of 1 N HCl to bring the pH to 7.0. 
Tube one was given 70.5 /il of saline solution. All tubes 
were heated at 95 °C for 5 minutes to denature the 
30 double -stranded DNA, then immediately chilled on ice. 

The hybridization and assay were done essentially as 
in Example 1, except a single acridinium ester- labeled 
probe was used. This probe had a nucleotide sequence that 
is sufficiently complementary to sequences common to all 
35 bacteria and all fungi. Fifty microliters of the probe 
was added to 50 /il of each sample, and hybridization 
allowed at 60°C for 30 minutes. The samples were then 
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treated as in the HPA (hybridization protection assay) 
procedure, described below and in Arnold, et al . , supra . 

The results of the experiment are depicted in Table 
1 below. The data show that nucleic acids resistant to 
5 strong base (i.e. DNA) are liberated from the cells 
treated in the manner of the present invention. Moreover, 
a population of the liberated DNA has a specific sequence 
detectable by nucleic acid hybridization. 



Table 1 



Amounts of RNA and DNA Released According to the 
Present Invention 


Organism 


Tube 1: 
Released 
Nucleic 
acids 


Tube 2: 
Released DNA 


Tube 3 : 
Effect of 
NaOH with 
no heat- 
treatment 


S. pyoqenes 


135,493,000 


186,600 


57,090 


S. aaalactiae 


113,026,000 


133,200 


49,150 


C. albicans 


108,126,000 


198,690 


82,980 


E. coli 


81,212,000 


595,680 


119,500 



Example 4 

Suitability of the Method to Liberate Nucleic Acids From 
a Wide Range of Microorganisms 

20 In order to determine the effectiveness of the method 

of the present invention to extract target nucleic acids 
from a wide range of microorganisms, the permeabilization 
reagent described in Example 1 was used to treat samples 
containing identical concentrations of the following 

25 microorganisms, which included Gram-positive bacteria, 
Gram-negative bacteria and yeast. The all bacterial/all 
yeast probe used in this experiment was non-specific with 
regard to bacteria and fungi; i.e. the probe had a nucleo- 



SUBSTITUTE SHEET (RULE 26) 



WO 95/14768 



PCT/US94/13400 



23 

tide sequence sufficiently complementary to ribosomal RNA 
sequences common to all bacteria and fungi to hybridize 
the liberated ribosomal RNA of each microorganism under 
the hybridization conditions described above. As a 
5 negative control, the same organisms were treated accord- 
ing to the method of the present invention, except after 
the nucleic acid extraction step, a second probe was added 
to the liberated nucleic acids. The second probe was 
present in the hybridization mixture at the same concen- 
10 tration as the first probe, and had a nucleotide sequence 
complementary to a specific nucleotide sequence contained 
in ribosomal RNA of Group A Streptococcus species only. 
A positive result (i.e., detection of hybridized probe) 
was defined as a reading of greater than 1,000,000 RLU in 
15 the HPA detection method described above; a negative 
result was defined as 1,000,000 RLU or less. 

Figure 4 lists the panel of microorganisms, all of 
which were treated according to Example 1, and shows the 
results of the assay. As can be seen, all the assayed 
20 microorganisms, with the exception of S. pyogenes , tested 
negative in the control experiment. In no case was the 
negative result for an assayed microorganism greater than 
3000 RLU in the HPA detection assay. By contrast, all of 
the tested microorganisms permeabilized in accordance with 
25 the present method released the ribosomal RNA target 
nucleic acid in sufficient quantities to indicate a clear 
positive by the all-bacterial/all yeast HPA detection 
method. The fact that the tested microorganisms included 
yeast and Gram-positive bacteria as well as various genera 
30 of Gram-negative bacteria demonstrates the broad applica- 
bility of the present method for samples containing a 
heterogeneous population of microorganisms, and the 
effectiveness of using the permeabilization reagent 
described herein as a generic nucleic acid extraction 
35 reagent having applicability in the detection and identi- 
fication of a wide variety of microorganisms. 
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Example 5 

Determining That the Cell Walls are Not Physically 
Disrupted 

Once nucleic acid had been released from the desired 
5 cell sample, the cell samples were inspected to determine 
whether the cell walls have been physically disrupted. 
There are many methods for examining the integrity of cell 
walls, including phase-contrast microscopy and the Gram 
stain, which are described in American Society for Micro- 
10 biology, Manual of Methods for General Bacteriology 8-9 & 
26-27 (1981) . The indicated portions of this publication 
are hereby incorporated by reference as part of this 
disclosure . 

The method of the present invention appears very mild 

15 to the treated cells. For some uses involving the tech- 
niques of molecular biology, e.g. involving nucleic acid 
amplifications, nucleolytic cleavage, or other enzyme- 
mediated reactions, it may be desirable that the cell 
walls of microorganisms not be significantly disrupted. 

20 For example, non-nucleic acid cell components may inter- 
fere with subsequent manipulation of the extracted nucleic 
acids. By using the Gram stain one can verify whether the 
cell walls of a normally Gram-positive microorganism have 
been physically disrupted. 

25 Preferably, Applicants perform the Gram stain as 

described in the Manual of Methods for General 
Bacteriology , supra at 27-28. Use of the Gram stain 
followed by microscopic observation of the stained cells 
yielded Gram-positive cells which continued to stain 

3 0 purple and maintain their characteristic shape even after 
permeabilization by the methods of the present invention. 
This result indicates that the cell wall of the treated 
bacteria has not been completely physically disrupted. In 
contrast, enzyme- treated Gram-positive cells stained red 

35 or yellow indicating disruption of their cell walls. 
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Example 6 

Detectin g and Measuring Desired Nucleic Acids 

Once the nucleic acids have been released from the 
specimen, methods are known in the art. for detecting and 
5 measuring the target nucleic acid(s) using nucleic acid 
hybridization and detection techniques. For example, 
nucleic 'acids may be identified by using a nucleic acid 
probe sufficiently complementary to a target sequence from 
the microorganism to be detected, .hybridizing the probe to 
10 the target nucleic acid sequence, and detecting the 
double- stranded hybrid of probe and target by methods 
known to those skilled in the art, such as Southern blots 
(see Maniatis, T. et al. , Molecular Cloning: A Laboratory 
Manual, Cold Springs Harbor Laboratory (1982)) or by the 
15 homogeneous solution phase procedure (called the hybrid- 
ization protection assay or "HPA") described in Arnold et 
a]^, Clin. Chem., 35:1588 (1989), and PCT U.S. 88/02746, 
all of which are hereby incorporated by reference. 

The HPA procedure described by Arnold consists of 
20 synthesizing an acridinium-ester-labeled DNA probe which 
can be differentially hydrolyzed based upon selective 
chemical degradation of the acridinium ester label. The 
selective chemical degradation is determined by whether 
the probe is in a hybridized or unhybridized state. The 
25 acridinium-ester-label is protected from hydrolysis when 
the probe is in a hybridized state by interaction with the 
nucleic acid double -helix. Probe which is not hybridized 
has its acridinium-ester- label left unprotected from 
hydrolysis. Thus, chemiluminescence of the acridinium- 
30 ester- label associated with unhybridized probe is rapidly 
lost by the differential hydrolysis, whereas chemilumines- 
cence associated with hybridized probe is minimally 
affected. The chemiluminescence may be measured by a 
device, such as a Leader I luminometer (Gen- Probe, Inc., 
35 San Diego, CA) . 
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Although not essential to practice the present inven- 
tion, Applicant's preferred method for practicing the HPA 
method is described. 

Reagents 

5 The acridinium-ester- labeling reagent is synthesized 

as described in Weeks, I., et al, , Acridinium Esters are 
Hiah-Specific- Activity Labels in an Immunoassay , 29 Clin. 
Chem. 1474-1479 (1983), which is incorporated herein by 
reference. Polystyrene or polypropylene tubes (12 x 75 
10 mm) for assays and chemiluminescence determination are 
obtained from Sarstedt, Newton, NC. Chemiluminescence is 
measured in a Leader I luminometer. All other substances 
are standard "ultra-pure" or reagent-grade materials. 

Methods 

15 Preparation of acridinium-ester- labeled DNA probes. 

Oligonucleotides are synthesized by use of standard phos- 
phoramidite chemistry. The chemical labeling of the DNA 
probes with acridinium ester is achieved by reacting 
alkylamine linker-arms, which were introduced during DNA 

20 synthesis, and an N-hydroxysuccinimide ester of a methyl 
acridinium phenyl ester. Once the acridinium-ester- 
labeled probes are purified and used in various assay 
formats, the probe chemiluminescence is detected with a 
Leader I luminometer as described below. 

25 Hybridization protection assay (HPA) . Hybridization 

reactions are typically carried out at 60°C in 0.1 M 
lithium succinate buffer, pH 5.2, containing 1% (w/v) of 
lithium lauryl sulfate, 2 mM EDTA and 2 mM [ethylenebis- 
(oxyethylenitrilo) ] tetraacetic acid (EGTA) per liter. 

3 0 Hybridization volumes range from 50 to 200 L and contain 
from 0.05 to 0.5 pmol of probe. Differential hydrolysis 
is carried out at 60°C in sodium tetraborate buffer 
(0.15-0.20 M) , containing 10-50 mL of Triton X-100 surfac- 
tant per liter at pH values ranging from 7.0 to 8.5. 
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In a typical HPA format, the sample containing the 
target nucleic acid is hybridized with the DNA probe in a 
100 L volume by incubation for 5-10 minutes at 60 °C. 
Applicants then add 300 L solution of tetraborate buffer 
5 and incubate for an additional 5 to 10 minutes at 60 °C. 
After the samples have cooled for a few minutes at room 
temperature, the chemiluminescence is measured in the 
luminometer, using one of two automated reagent -injection 
methods. In method 1, injection of 200 L of a solution 
10 containing 0.1% (v/v) H 2 0 2 and 1 mM nitric acid is 
followed, after a 1 second delay, by injection of 200 L of 
1 to 2 M NaOH; the resulting chemiluminescence is inte- 
grated for 2 to 5 seconds. In method 2, 200 L of a 0.1% 
(V/V) H202 solution containing 1 to 2 M NaOH is injected; 
15 the resulting chemiluminescence is integrated for 2 to 5 
seconds. All steps in this process, including the hybrid- 
ization and differential hydrolysis, are carried out in a 
single 12 x 75 mm tube. 

By the use of a probe detection method such as HPA, 
20 the presence or absence of the target nucleic acids can be 
detected. The acridinium- ester- labeled DNA probe assay is 
fast, sensitive, easy to use and the backgrounds caused by 
unhybridized probe are sufficiently low that HPA is useful 
in the clinical laboratory. Further, the sensitivity of 
25 the HPA format makes it of practical use in the clinical 
laboratory, especially when coupled with the detection of 
ribosomal RNA, which gives up to a 2 x 104 enhancement of 
sensitivity over tests which detect DNA molecules having 
a single copy of the target sequence. 

30 Kit for Effecting the Present Method 

A kit for performing the above method may be prepared 
from readily available materials and reagents. The kit 
will include permeabilization reagent, probe reagent, and 
selection reagent. As will become obvious from, reading 

35 Applicants' preferred embodiment, this kit can be modified 
to detect any nucleic acid sequence indicative of a 
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disease, condition or organism, such as a microorganism, 
etc., simply by selecting the nucleic acid probe in the 
probe reagent to be a nucleic acid probe specific for the 
desired application. 
5 Applicants' preferred embodiment is- a kit for direct 

Streptococcus pyogenes testing. Preferably, a . sample is 
obtained from a patient's throat by means of a sterile 
swab. The entire throat swab is be placed into 300 micro- 
liters of permeabilization reagent in a polypropylene 
10 tube. Applicants' permeabilization reagent is prepared 
from materials which are all readily available and is 
composed of 5.7 mM sodium azide, 7.4 mM HEPES (free acid) , 
0.07% (v/v) Triton X-100, 1% w/v lithium lauryl sulfate, 
10 mM EDTA (free acid) , and sufficient lithium hydroxide 
15 to adjust the permeabilization reagent to a pH of 7.5. 
When heated to about 95 °C for more than about 30 seconds 
the permeabilization reagent liberates nucleic acids from 
S. pyogenes cells in the throat swap sample. The specific 
concentrations and reagents should not be seen as limiting 
20 Applicants' invention, as a variety of concentrations and 
reagents permit successful practice of the present inven- 
tion. The present disclosure provides guidance for 
selecting appropriate concentrations, reagents and condi- 
tions, and provides specific examples of embodiments of 
25 the present invention, which is wholly defined by the 
claims following this disclosure. 

The mixture is then placed on a heating block for 10 
minutes at 95°C. After heating, the tube is allowed to 
cool for 5 minutes at room temperature. The swab is 
30 squeezed against the side of the polypropylene tube during 
the cooling period. After cooling, 50 microliters of the 
fluid is removed to a clean polypropylene tube. Next, 50 
microliters of probe reagent is added to the 5 0 micro- 
liters of sample fluid. Preferably, the probe reagent 
35 contains 0.1 M lithium succinate buffer, pH 5.2, 1% (w/v) 
lithium lauryl sulphate, 2 mM EDTA, 2 mM EGTA and 0.05 
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pmol of a deoxyribonucleic acid probe specific to a region 
of the ribosomal RNA of Streptococcus pyogenes . 

The probe reagent solution is then incubated 3 0 
minutes at 60°C to allow the acridin'ium-ester- labeled 
5 probe to hybridize to Streptococcus pyogenes ribosomal RNA 
which has been released into solution by the extraction 
step. After incubation, 3 00 microliters of selection 
reagent is added. Preferably, the selection reagent is a 
0.15 M sodium tetraborate buffer pH 7.5, containing 0.1% 
10 (w/v) Triton X-100. 

The resulting solution is thoroughly mixed using a 
vortex mixer and incubated for 7 minutes at 60 °C so as to 
allow the differential hydrolysis of the acridinium-ester 
label. After the final incubation, the probe tube is 
15 cooled at least 5 minutes at room temperature before 
assaying for the presence of hybridized probe. The 
chemi luminescence is measured in a luminometer and the 
presence or absence of Streptococcus pyogenes in the 
sample is determined from the reading. 
20 Although nucleic acid extraction and detection 

methods have been specifically described, it should be 
understood that other reagents, concentrations and 
temperatures may be employed without departing from the 
present invention, and the use of such other reagents, 
25 concentrations, and temperatures would be obvious to those 
skilled in the art after reading the present disclosure. 
For example, the nucleic acids liberated in accordance 
with the present method may subsequently be subjected to 
nucleic acid amplification prior to the selection and 
30 detection steps. Therefore, the invention may be 
embodied, made or used in other specific forms without 
departing from its spirit or essential characteristics. 
The present embodiments are thus to be considered in all 
respects as illustrative and not restrictive. The scope 
35 of the invention is indicated by the claims rather than by 
the foregoing description. All changes which come within 
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the meaning and range of the equivalents of the claims 
intended to be embraced therein. 
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Claims 

1. A method for extracting nucleic acids from a 
sample containing at least one microorganism, comprising 
the steps of: 

5 a. contacting the sample with a permeabilization 

reagent comprising a non- ionic detergent and a metal 
chelating agent; and 

b. heating the sample and permeabilization reagent 
together at about 80°-95°C until nucleic acids are 
10 released from the microorganism. 

2. A method as in claim 1 wherein the extracted 
nucleic acids are RNA. 

3. A method as in claim 1 wherein the extracted 
nucleic acids are DNA. 

15 4 . A method as in claim 1 wherein the nucleic acids 

further comprise a member of the group consisting of 

a. nucleic acids having a sequence consisting 
essentially of ribosomal RNA sequences, 

b. nucleic acids having DNA sequences from which 
20 said RNA sequences are transcribed, and 

c. nucleic acids having sequences complementary to 
said DNA sequences. 

5. A method as in claim 1 wherein the microorganism 
is selected from the group consisting of Gram-positive 

25 bacteria, Gram-negative bacteria and fungi. 

6. A method as in claim 1, wherein the micro- 
organism is selected from the group consisting of 
Acintobacter species, Actinomyces species, Aerococcus 
species, Aeromonas species, Alclaiaenes species, Bacillus 

30 species, Bacteriodes species, Bordetella species, 
Branhamella species, Brevibacterium species, Campylobacter 
species, Candida species, Capnocvtophaaia species, 
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Chromobacterium species, Clostridium species, 
Corvnebacterium species, Cryptococcus species, Deinococcus 
species, Enterococcus species, Ervsielothrix species, 
Escherichia species, Flavobacterium species, Gemella 
5 species, Haemophilus species, Klebsiella species, 
Lactobacillus species, Lactococcus species, Legionella 
species, Leuconostoc species, Listeria species, 
Micrococcus species, Mycobacterium species, Neisseria 
species, Nocardia species, Oerskovia species, Paracoccus 

10 species, Pediococcus species, Peptostreptococcus species, 
Propionibacterium species, Proteus species, Psuedomonas 
species, Rahnella species, Rhodococcus species, 
Rhodospirillium species, Staphlococcus species, 
Streptomvces species, Streptococcus species, Vibrio 

15 species, and Yersinia species. 

7. .A method as in claim 1 wherein the non- ionic 
detergent is selected from the group consisting of 
polyoxyethylene alcohols and octylphenol -ethylene oxide 
condensates. m 

20 8. A method as in claim 7 wherein the concentration 

of the non-ionic detergent is between about 0.01% and 1%. 

9. A method as in claim 7 wherein the concentration 
of the non-ionic detergent is about 0.07%. 

10. A method as in claim 1 wherein the metal chelat- 
25 ing agent is EDTA. 

11. A method as in claim 10 wherein the concentra- 
tion of EDTA is about 10 millimolar. 

12. A method as in claim 1 wherein the pH of the 
permeabilization reagent is less than about 8.0. 
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13 . A method as in claim 1 wherein the heating is 
carried out for about 1-30 minutes. 

14. A method as in claim 11 wherein the heating is 
carried out for about 5 minutes. 

5 15. A method for extracting nucleic acids suitable 

for hybridization from an organism derived from a clinical 
sample, comprising the steps of: 

a. contacting the organism with a permeabilization 
reagent comprising a non- ionic detergent and a metal 

10 chelating agent; and 

b. heating the organism and permeabilization 
reagent together to about 80°-95°C. 

16. A method as in claim 15 wherein the nucleic 
acids suitable for hybridization are RNA. 

15 17. A method as in claim 15 wherein the nucleic 

acids suitable for hybridization are DNA. 

18 . A method as in claim 15 wherein the nucleic acid 
further comprises a member of the group consisting of 

a. nucleic acids having sequences consisting 
20 essentially of ribosomal RNA sequences, 

b. nucleic acids having DNA sequences from which 
said RNA sequences are transcribed, and 

c. nucleic acids having sequences complementary to 
said DNA sequences. 

25 19. A method as in claim 15 wherein the organism is 

selected from the group consisting of Gram-positive 
bacteria, Gram-negative bacteria, and fungi. 

20. A method as in claim 19 wherein the organism is 
selected from the group consisting of Acintobacter 
30 species, Actinomyces species, Aerococcus species, 
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Aeromonas species, Alclaiaenes species, Bacillus species, 
Bactericides species, Bordetella species, Branhamella 
species, Brevibacterium species, Campylobacter species, 
Candida species, Capnocytophaaia species, Chromobacterium 
5 species, Clostridium species, Corvnebacterium species, 
Cryptococcus species, Deinococcus species, Enterococcus 
species, Ervsielothrix species, Escherichia species, 
Flavobacterium species, Gemella species, Haemophilus 
species , Klebsiella species , Lactobacillus species , 

10 Lactococcus species, Legionella species, Leuconostoc 
species, Listeria species, Micrococcus species, 
Mycobacterium species, Neisseria species, Nocardia 
species, Oerskovia species, Paracoccus species, 
Pediococcus species, Peptostreptococcus species, 

15 Propionibacterium species, Proteus species, Psuedomonas 
species, Rahnella species, Rhodococcus species, Rhodosoir- 
illium species, Staphlococcus species, Streptomvces 
species, Streptococcus species, Vibrio species, and 
Yersinia species. 



20 21. A method as in claim 15 wherein the 

concentration of the non- ionic detergent is between about 
0.01% and 1%. 



22. A method as in claim 21 wherein the non- ionic 
detergent is chosen from the group consisting of poly- 

25 oxyethylene alcohols and octylphenol-ethylene oxide 
condensates . 

23. A method as in claim 15 wherein the 
permeabilization reagent further comprises an anionic 
detergent . 



30 24 . A method as in claim 23 where the anionic 

detergent is selected from the group consisting of lithium 
lauryl sulphate and sodium dodecyl sulphate. 
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25. A method as in claim 24 wherein the concen- 
tration of the anionic detergent is about 0.05%-2%. 

26. A method as in claim 25 wherein the concen- 
tration of the anionic detergent is about 1%.' 

5 27. A method as in claim 15 wherein the metal 

chelating agent is EDTA. 

28. A method as in claim 15 wherein the mixture is 
heated for about 1-30 minutes. 

29. A method as in claim 23 wherein: 

10 a * the non-ionic detergent is polyoxyethylene p-t- 

octylphenol at a concentration between about 0.01% and 1%; 

b. the anionic detergent is lithium lauryl sulphate 
at a concentration between about 0.05% and 2%; and 

c. the metal chelating agent is EDTA at a 
15 concentration between about 5 and 50 millimolar. 

30. A method as in claim 29 wherein the organism is 
selected from the group consisting of Gram-negative 
bacteria, Gram-positive bacteria and fungi. 

31. A method as in claim 29 wherein the organism is 
20 selected from the group consisting of A^afcobacter 

species, Actinomyces species, Aerococcus species, 
Aeromonas species, Alclaigenes species, Bacillus species, 
Bacteriodes species, Bordetell* species, Branhamella 
species, Brevibacterium species, Camovlobant-^ species, 

25 Candida species, Capnocytophagi a species, Chromobagt-P-H nm 
species, Clostridium species, CorvnebactP-ri ,,m species, 
Cryptococcus species, Deinococcus species, Enterococcus 
species ' Erysielothrix species, Escherichia species, 
Flavobacterium species, Gemella species, Haemophilus 

3 0 species, Klebsiella species, Lactobacilli species, 
Lactococcus species, Legionella species, Leuconostoc 
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species, Listeria species, Micrococcus species, 
Mycobacterium species, Neisseria species, Nocardia 
species, Oerskovia species, Paracoccus species, 
Pediococcus species, Peotostreptococcus species, 
5 Propionibacterium species, Proteus species, Psuedomonas 
species, Rahnella species, Rhodococcus species, Rhodospir- 
illium species, Staphlococcus species, Streptomvces 
species, Streptococcus species, Vibrio species, and 
Yersinia species. 

10 32. A method for detecting the presence or amount of 

a microorganism in a clinical sample, comprising the steps 
of: 

a. contacting the clinical sample with a perme- 
abilization reagent comprising a non-ionic detergent, an 

15 anionic detergent and a metal chelating agent; 

b. heating the sample and permeabilization reagent 
together to about 80°-95°C until nucleic acids are 
released; and 

c. detecting the presence of released target 
20 nucleic acids. 

33. A method as in claim 32 wherein detecting the 
presence of a released target nucleic acid further com- 
prises: 

a. adding a reagent containing a nucleic acid probe 
25 to the heated sample and permeabilization reagent, wherein 
the probe has a sequence sufficiently complementary to 
that of the target nucleic acid that a double -stranded 
hybrid nucleic acid is formed under stringent hybrid- 
ization conditions; 
30 b. incubating the solution under stringent 

hybridization conditions; 

c. adding a selection reagent to the solution; and 

d. detecting the presence of the target nucleic 

acid. 
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34. A kit for detecting nucleic acids in -a clinical 
sample containing at least one microorganism, comprising: 

a. a permeabilization reagent; 

b. a probe reagent; and 
5 c. a selection reagent. 

35. A kit as in claim 34 wherein the permeabiliza- 
tion reagent comprises: 

a. an anionic detergent; 

b. a non-ionic detergent; and 
10 c. a metal chelating agent. 

36. A kit as in claim 35 wherein the probe reagent 
comprises : 

a. a nucleic acid probe having a nucleic acid 
sequence sufficiently complementary to that of the target 
nucleic acid to form a hydrogen -bonded, double- stranded 
region with said target nucleic acid under hybridization 
conditions . 

37. A kit as in claim 35 wherein the target nucleic 
acid further comprises a member of the group consisting of . 

20 a * nucleic acids having sequences consisting 

essentially of ribosomal RNA sequences, 

b. nucleic acids having DNA sequences from which 
said RNA sequences are transcribed, and 

c. nucleic acids having sequences complementary to 
25 said DNA sequences. 

38. A kit as in claim 3 5 wherein the probe has an 
acridinium-ester label. 

39. A kit as in claim 35 wherein the selection 
reagent comprises a reagent which differentially hydroly- 

30 ses acridinium esters not associated with a double -strand, 
ed, hydrogen-bonded nucleic acid region. 
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40. A method for releasing nucleic acids having 
nucleic acid sequences consisting essentially of ribosomal 
RNA sequences from a clinical specimen containing at least 
one microorganism selected from the group consisting of 
5 Gram-positive bacteria, Gram-negative bacteria and yeast, 
comprising the steps of: 

a. contacting the clinical specimen with a perme- 
abilization reagent consisting essentially of an anionic 
detergent, a non- ionic detergent and a metal chelating 

10 agent; and 

b. heating the clinical sample and permeabilization 
reagent together at about 80°-95°C until the nucleic acids 
are released. 

41 ♦ A method as in claim 40 further comprising the 
15 step of detecting the presence of nucleic acids having a 
nucleotide sequence specific to the microorganism. 

42 . A method for diagnosing the presence of a 
disease, condition, or organism in a susceptible human or 
animal host, comprising the steps of: 
20 a. obtaining a clinical sample from said host; 

b. contacting the clinical sample with a perme- 
abilization reagent comprising a non-ionic detergent and 
a metal chelating agent; 

c. heating the sample and permeabilization reagent 
25 together at about 80°-95°C until nucleic acids in the 

sample are released; and 

d. detecting the presence or absence in the clini- 
cal sample of nucleic acids indicating the presence of 
said disease, condition or organism. 

30 43. The method of claim 42 wherein the clinical 

sample and the permeabilization reagent are heated togeth- 
er for about 1 to 30 minutes. 
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44. The method of claim 42 wherein the permeabil- 
ization reagent further comprises an anionic detergent . 

45. The method of claim 44 wherein the nucleic acid 
to be detected in the clinical sample has is ribosomal 

5 RNA. 
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